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SCRUBBING NICOTINE FROM STEAM*

J. B. Claffey', E. 0. Strolle', G. W. Macpherson Phillips? and
Roderick K. Eskew™

INTRODUCT I ON

Nicotine has been used as an insec*icide for many years. Despite the intro-
duction of many new competitive insecticides during the past several years,
there is still a definite place for nicotine. During the war years (1941~
1945), the supply of nicotine was considerably below the demand.' The U. S.-
Department of Agriculture is studying Ficotiona. rustica to determine whether
it could augment the supply of nicotine in our country.  WV. rustica usually
has a higher nicotine content than most American tobaccos. It contains 6. to
8 percent nicotine (moisture~free basis), which under favorable conditions
might warrant growing the crop as a source of nicotine. As part of the
over-all program, experiments have been made at this Laboratory to develop
processes for recovering nicotine from ¥. rustico. The information obtained
in this work is also applicable to the recovery of nicotine from tobacco.

Published information on nicotine processing is scarce. Kingsbury et al.*
have developed a process for recovery of nicotine from the exhaust gas of a
tobacco re-drier in which the gas is scrubbed with water and nicotine is ex-
tracted from the dilute .aqueous solution by ion exchange. - Nicotine can also
be recovered from dilute aquéeous solutions by a iwo--step liquid -liquid ex-
traction process. In the first step, nicotine is extracted from water by
kerosene, as shown by Claffey et al.® or by other solvents, as shown by
Badgette. In the second step, nicotine is extracted from the kerosene by
sulfuric acid’.

The present paper describes some preliminary experiments on recovery of
nicotine by scribbing it from steam with sulfuric acid. In such a process,
the vapr entering the scrubber would be obtained by steam distillation of
tobacco waste or V. rustica. Tn either case, the vapor would contain about
0.6  percent nicotine; the remaining 99.4 percent would be steam with a
trace of ammonia and some dust.  This vapor would te treated with sulfuric
acid to form the nicotine sulfate of commerce, which usually contains 40
percent of the alkaloid.
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The term "40 percent nicotine sulfate, " as used in the trade, might ‘be more
properly termed "52 percent nicotine culfate.” It is actually a mixture
containing 40 parts of nicotine combined with approximately 12 parts by
weight of sulfuric acid in sufficient water to make 100 parts. In this
paper, however, nicotine sulfate concentrations are expressed according to
terminology common to the trade.

EQUIPMERT AXD PROCEDURE
Packed Tower

Figure 1 shows a flow sheet of the scrubbing process. Synthetic mixtures of
water and nicotine, or water, nicotine, end ammonia, were used as the start-
ing material. This mixture provided 2 convenient source of vapor having the
same composition as that evolved from steam distillation of tobacco waste or
N. rustica, except for any entrained dust and tars. The container for the
liquid was mounted on a platform scale, and the liquid was supplied by a
metering pump of the diaphragm type. This type of pump had the minor defect
of delivering a pulsating flow, but this was practically eliminated by a
small surge chamber and a needle valve. The liquid then passed through a
rotameter to a 5-square foot, multiple-tube vaporizer with liquid flow
through the tube and steam on the shell side, which eliminated surging.’
About 96 percent of the liquid wes vaporized; the remaining 4 percent
dropped out in the separator. The vaporT passed up through the scrubber and
then to the condenser.

The scrubber was made from two pieces of glass pipe mounted concentrically;
glass equipment was used so that the scrubbing operation could be observed.
The -inner pipe was 2-3/4 inches I.D. by 37 inches long and was packed with
3/8~inch ceramic Raschig rings., Three packing heights were used -~ 11, 22,
and ‘30 inches. The outer pipe was 4 inches I.D. Steam at 1.5 gage was
admitted to the area between the two pipes to maintain a scrubbing tempera-
ture of 215° F. The temperature of both the entering vapor and the scrub-
bing liquid must be such that neither vaporization of the scrubbing liquid
nor condensation of the vapor occurs. Vaporization of the liquid would un-
desirably concentrate the acid and condensation of the steam wogld-dilute
the acid. The boiling point of 20 percent sulfuric acid is 218° F. Con=
sequently, in practical operation Epe average temperature in the tower must
be maintained between 213 and 218° F.- The outer pipe was insulated with
a removable blanket. All acid lines were high nickel-copper alloy and were
heavily insulzted; 2 reheater should have been used, ‘however, 2as later ex~
periments showed th=t insulation was not sufficient to prevent some loss of
heat from the system. The scrubbing liquid was 20.2 percent sul furic acid
solution. If a flow rate corresponding to the stoichiometric quantity were
used, the rate would be only 1 pound per hour per square foot of tower for
the vapor velocities used in these experiments, or S0 low that it would not
wet the packing. Excess acid was therefore recirculated to the tower
through an orifice meter. The stoichiometric concentration of sulfuric acid
to produce 40 percent nicotine sulfate is 20.2 percent, but it would re-
quire 8 to 10 hours' continuous operation to completely convert the acid to
nicotine sulfate. Experiments were therefore made with serubbing liquid



containing various ratios of sulfuric acid and nicotine sulfate, correspond-
ing to progressive stages in the complete cycle From O percent sulfate -~
20.2 percent sulfuric acid % O percen! sulfuric acid ~~ 40 percent nico=-
tine sulfate.

Each experiment was started with distilled water to bring the equipment to
operating temperature, then was shifted to the synthetic mixture. Liquid
that dropped out in the sepsrator had the ssme nicotine content as the feed;
hence the vapor entcring Hthe scrubber contained 0.88 percent nicotine.
Fifteen-minute experiments were then m=do.

Samples of condensatc from the condenser were collected at the start, middle,
and end of the experiment, and the average nicotine anelysis was used in

calculating scrubbing efriciency. 4nalyses for nicotine were made by ti-

tration with 0.01 normul hydrochloric acid; methyl red was used as an in-
dicator. Frequent checks were alsc maede by the official method of the As~

sociation of Official Ag: i=ts, in which nicotine is precipi-

tated with silicotungsiiz zoid. Iu ¢ the latter part of the program, a

rapid and accurate method of nicotine analysis bused on the ultraviolet

spectrophotometer8 was developed bty €. 0. Willits and his associates of
this Laboratory. '

Unpacked Tower

pmon ium salis, eand the smmenia evolved dur-
; with the sulfuric acid. Sometimes the amount

ormed ¢ oxeons of ite solubility. It is reported
that -in the commercisl L;wwﬂarm:idmw tohacco washe, the maxi-
mum concentration of i ool ol be produced in the scrubber
is about 10 percent. Atte 4 ho exceed *hlv cunrenirdflon result in fouls
ing the packing with ammorium sulvate, rendering the towr s inoperative.:
Obviously, the amount of precipitated salt varies with many factors, includ-
ing the temperature in Lhe tower, ratic ammonie to nicotine in the enter-
ing steam, concentration of sulfuric o nicotine sulfzte in the tower,
and the amount of ¢ntrained dust zpd iars. To eliminate the problem of

fouling, experiments wore made in unpacked Lowers.

N. rustico and ‘tobacceo
ing steam distillat!
of ammonium sul fate [

Since in commercial practics vapor obbained from the s*heam distillation
of dry plant materiziz ve sin entreined dust, which is difficult to
remove, in these experiments, we did not follow the customary practice of
dispersing the vapor through a porous med)nm. Instead, the vapor was intro-
duced through a pipe at high velocliy directly into the bottom of the tower.
containing the scrubbing qid. Tzperimenls were made with scrubbing liquid
aeid, diffoerent percentages of which had

containing 20.2 pcr1<n, sod i
been previously converted io vicentine anlfate.
8 Swacon i i . 3 A rnn BrOoF, B A AN AL CH M.

Wiecetrtrs, C. O.:
29 430 (1950
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RESULTS
Packed Tower

Table I. shows the percentage of nicotine removed wit'k different concentra-
tions of acid. A vaper velocity of 1.2 feet per second (based on the total
cross section of the tower) and 20 inches of packing were used in these ex-
periments.

TABLE 1
EFFECT OF CONCENTRATION OF SCRUBBING ACID ON REMOVAL OF NICOTIHE

1

Nicotine' in Nicotine' removed
Scrubbing acid condensate in scrubbexr
Free Nicotine i"low
HpS04 sulfate rate ) (2! ‘1) (2)
% % “he. ki /sqlft. % % % %
20.6 0.0 322 0.00 0.0005 100 99. 91
13.0 15.0 438 .00 . 0002 100 99.97
5.3 30..-0 4.60 .00 .0002 120 99. 97
3.3 34.0 4€0 .008 .005 98.7 9¢c.14
! (¢! DETERMINED BY Ty TRATION: (2) BY ULTRAVIOLET SPECTROPHOCS®
TOMEY &R, i

Figure 2 shows that the scrubbing efficiency was essentially 100 percent
until the concentration of nicotine sulfate in the scrubbing acid increased
to sbout 34 percent (3.3 percent free sulfuric acid) and that eff.c.ency
decreased sharply beyond this point. The procéss thus calls for two scrub-
bing towers in series; the second tower would merely act as a "catch-all"
during 90 percent of the cycle, but during the last 10 percent of the
cycle, it would do most of the scrubbing. Nieotine sulfate would be with-
drawn as product from the first. tower at, the end of a cycle; acid from "L
second tower would then be transferred to the first one, and fresh =..d
would be pumped into the second tower.

'To determine the packed tower requirements for effective scrubbing in the
more difficult range beyond 30 percent nicotine sulfate in the secrubbing
liquor, some experiments were made with different lengths of packing and
different vapor and I _.quid.flow maltes. The scrubbing liquors contained 35
percent nicctine sulfate (2.8 percent sulfuric acid). Figure 3 shows the
results. Nicotine removed al a vapor velocity of 1.1 feet per second was 99
percent with 30 inches of packing, 9 percent with 22 inches, and £6. por-
cent with 11 inches Thus scrubbing efiiciency decreased only slightly with
decrcased height of the tower. The height of 11 inches is only 4 times the
diameter; this is a shorter tower then :0 normally uved in scrabbing.



With vapor velocity of 2.2 feet per second and 11 inches of packing, nic-
otine removal was only 75 percent with a flow rate of 460 1lbs./hr./sq. ft.
of scrubbing liquor, but removal was increased to 85 percent with 1200 and
to 92 percent with 2740 1bs./hr./sq.ft. Removal of 92 percent would be
adequate, since removal would be essentially 100 percent in the fore part
of the cyrle and the second tower would remove ‘the remaining 8 percent.
There was no sign of flooding, indicating that velocities in excess of 2.2
feet per second could have been used; however, the capacity of the vaporizer
had been exceeded. Thus to obtain all the nicotine removal required in:the
first stage, for exsops s, Yo percent, a tower only 4 times longer then its
diameter would Le acc.uwute T a vapor velocity of 2.2 feet per second and a
liquid flow rate of 2740 lbs./hr./sg. ft.

Unpacked Tower

Figure 4 shows the resul®s of the experiments in the unpacked tower. By
comparing this with Figure 2, it is apparent that at vapor velocities be~
tween 1.2 and 2.7 Fes* per second in the unpacked tower, nicotine removal
never excarisd G7 percent sven in a favorable range of sulfuric acid con-
centration, whereas in & racked tower essentially 100 percent was ob . ned
until the sulfuric =c.d an cmehhing Liquor was reduced to about 4 5 per-
cont e This siigh . dnor : sney in the early s-ages of tho eple,

however, became vr mo a2t when “wo stage scrubbing was used.

The pH of the serubbing.lienid containing 40 percent nicotine sulfate was
5.1. The pH of the finished product should be about 6, since it is corro-
girn to tha chinping breipers at oa lower pH. It would thus be necessary
5.7 to o by the addition of a suitable alkali.

v

to adjusht the pi. {rom

The effect of ammonium sulfate on efficiency of scrubbing was shown by two
pairs of experimentls. Tn %~ 7ot pair, the scrubbing liquid contained 5.0
percent sulfur:c acid and %0 per-ent nicotine sulfate. In one case, 15
grams of ammon:im sulfate was added por 100 grams of liquid,and in the other
case no ammonium sulfate was added. The presence of theé salt reduced nic-
otine recovery from 96 percent to 94 percent.

1n the second pair, the scrubbing liguid contained 1.0 percent sulfuric
acid and 38 percent nicotine sulfate. "hen no ammonium sulfate was added,
the nicotine removal was 85 percent, but it was 78 percent when 15 grams
of ammonium sulfatewas added per 100 grams of scrubbing liquor.

The ratio of ammonia to nicotine in the vapor from the still can be expected
to vary according to the raw material. The ratio is about 1L to 10 in ¥,
rustica. A final pair of experiments was made in which vapors con*aii . ..g
0.0H4 pereent ammonia and 0.54 percent nicotine were passed through a scrub-
bing liquid containing in one case 5.0 percent sulfuric acid and 30 percent
njcotine sulfate. ITh the companion experiment 15 grams of ammonium sulfate
was added per 100 grams of the scrubbing liquid. Addition of the ammnriium
sulfate reduced the nicotine removed from 97 to 94 percent. In all *he
foregoing experiments, the ammoninm sulfate remained in solution.
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CONCLUSIONS

Removal of nicotine from steam by scrubbing with sulfuric acid is primarily
a chemical reaction, and the need for countercurrent operation is question-
able. Therefore, unpacked towers filled with scrubbing liquid can be used
instead of a packed tower, which becomes fouled with ammonium sulfate. No
circulation of the liguid is required. Since the efficiency of absorption
of nicotine falls off rapidly when the sulfuric acid in the scrubbing liquid
falls significantly below 5 percent, it is necessary to use two absorption
towers in series. VWhen nicotine silfate reaches a concentration of approxi-
mately 40 percent in the first tower, it is drawn off and used as product
after the ammonium sulfate crystals are removed by decantation or filtra=-
tion. The second tower then becomes the first.



